After surgical incision the expected (Carter and James, 1970) rise of plasma corticosteroid concentration occurred in those patients receiving general anaesthetic alone, but epidural block modified this response. Where the epidural block lasted only for the operative period the plasma corticosteroid concentration rose rapidly after surgery. Prolonged epidural block suppressed the rise so long as the block remained effective.
After surgical incision the expected (Carter and James, 1970) rise of plasma corticosteroid concentration occurred in those patients receiving general anaesthetic alone, but epidural block modified this response. Where the epidural block lasted only for the operative period the plasma corticosteroid concentration rose rapidly after surgery. Prolonged epidural block suppressed the rise so long as the block remained effective.
Previous studies on the effect of spinal anaesthesia on the adrenocortical response to surgery (Sandberg et al., 1954) ; Johnston, 1964 ) have shown inconsistent results. During spinal block these patients remained conscious and the hypothalamicpituitary-adrenal axis may be stimulated by mechanisms which include emotional stimuli and which would not be affected by spinal anaesthesia.
High transection of the spinal cord prevents the normal adrenocortical response to surgery (Hume et al., 1962) . It is tempting to suggest that the adrenocortical response to traama is mediated by nervous reflex linking the operation site with the central nervous system. In unconscious patients our finding was that the adrenocortical response was suppressed when the nervous pathways from the operation site were interrupted by epidural block.
Epidural and spinal block do not always produce total anaesthesia, and this may account for individual variations of corticosteroid response ( fig. 2 ). Despite evidence of incomplete epidural blockade in case 1 and a similar case in group B, these two cases were not excluded from the series, although their omission might have increased the significant difference between group A and groups B and C. The other patient (case 2, fig. 2 ) may represent the effect of what was clinically complete epidural blockade. The absence of a rise in plasma corticosteroid concentration had no apparent effect on the reaction to major surgery in this patient, and her recovery was uneventful.
"Collapse" complicating surgery in patients receiving corticosteroid therapy has been recorded repeatedly over the last 20 years (Fraser et al., 1952) . For this reason steroid cover for surgery has become routine (Bayliss, 1958) for all patients who have received corticosteroid therapy in the preceding two years. Close examination of the reports of collapse attributed to adrenocortical failure shows the relation to be based on circumstantial evidence (Cope, 1966) . The first case report of collapse during surgery associated with a low adrenocortical steroid concentration (Sampson et al., 1961) More recently modification to the prophylactic regimens has been suggested and, indeed, the necessity for cover in patients who have stopped corticosteroid therapy before surgery has been questioned (Plumpton et al., 1969 ). An adequate adrenocortical response to surgery was found in these patients.
In our patients in whom the expected adrenocortical response was inhibited by epidural block it was found that a low plasma corticosteroid concentration was not detrimental per se, was not associated with cardiovascular collapse during or after surgery, and it had no apparent effect on recovery from either anaesthesia or surgery.
The administration of supplementary corticosteroid drugs for the stress of surgery remains an open question.
Introduction
Facial sweating during eating (gustatory sweating) is a normal response to highly spiced foods (Lee, 1954) and also occurs as an idiosyncrasy in some individuals, especially after chocolate or cheese. At a meeting of the Paris Biological Society in 1849 Brown-Sequard described and demonstrated the severe facial sweating which enveloped him within minutes after eating chocolate. Gustatory sweating generally follows nerve damage and is thought to be due to aberrant regeneration of nerve fibres. The best known form is the auriculotemporal or Frey's syndrome, in which sweating (and flushing) occurs in the distribution of the auriculotemporal nerve as a result of damage in its course through the parotid gland (Parkes Weber, 1947; Monro, 1959) . Localized areas of gustatory sweating have been described after nerve damage in the submental region (Young, 1956) , over the left side of the neck and shoulder after thoracotomy (Herxheimer, 1958) , and in a case of syringomyelia (Wilson, 1936) . Cervical sympathectomy may also result in gustatory sweating starting some weeks or even years after the operation (List and Peet, 1938; Haxton, 1948; Bloor, 1966; Greenhalgh et al., 1971) .
Spontaneous degeneration of autonomic nerves in diabetics sometimes occurs in association with established peripheral neuropathy (Rundles, 1945; Keen, 1959) , although the pathology of this condition has not been adequately described. Any effector organ which receives an autonomic innervation may be affected. Sweating abnormalities resulting in both increased and decreased perspiration are well known, but spontaneous gustatory sweating has not previously been described in diabetics. This paper describes six cases and discusses the relationship of the phenomenon with autonomic neuropathy.
Patients and Observations
Six patients were studied (see table) . Two of them (cases 3 and 6) complained spontaneously of sweating after food, and one of these (case 3) was drenched with sweat at every meal. The remaining patients were discovered by asking many diabetics, usually with multiple complications, whether they experienced any disturbing symptoms at mealtimes.
Findings
All but one of the patients had been diagnosed at under 20 years of age, and all were on insulin. Their diabetes had been present for 18 to 29 years at the time of the observations, and all had had gustatory sweating symptoms for several years. They all suffered from severe diabetic complications. All six had advanced retinopathy (only one had good vision), and five had nephropathy evidenced by proteinuria, two being in chronic renal failure. Peripheral neuropathy was present in all the patients. All six had absent ankle jerks, and numbness of the feet or neuritic pains were present in five. In cases 1 and 2 multiple foot operations had been performed for recurrent sepsis. These two patients also had severe upper limb neuropathy leading to impaired sensation in the fingers, with consequent cigarette burns, and wasting of the small muscles of the hands; elbow wrist conduction times were markedly reduced (right median intensity on different occasions, but in cases 1 and 3 they were very persistent.
DISTRIBUTION OF SWEATING
Head, neck and shoulders, and upper part of the chest of all the patients were covered with quinizarin powder, which turns blue when moist (Guttmann, 1947 and detailed photographs were taken to show the area of sweating. The example shown in fig. 2 indicates that these areas were clearly demarcated. The exact distribution of sweating in two of the patients is shown in figs. 3 and 4. In four cases the level of sweating extended down to the region of the third or fourth cervical dermatomes, an area corresponding with that of the sympathetic supply from the superior cervical ganglion (Pick, 1970) .
STIMULI CAUSING GUSTATORY SWEATING
Cheese was noted as a cause of facial sweating by all the patients and was the most potent stimulus in five. In some instances cheese was the only really troublesome foodstuff, and these patients preferred not to eat any on account of the inconvenience.
Other foodstuffs incriminated were pickles (three), alcohol, especially dry wine (three), fresh fruit (three), vinegar in mint sauce (two), salty foods (two), and bread and butter (two). Cases 1 and 3 were the most severely affected, and facial sweating occurred at almost every meal. In particular, case 3 was bathed in sweat after every snack and meal and was not able to identify any individual foodstuff as particularly offensive.
Cases 1 and 2 were examined in more detail. The act of chewing an inert substance (Parafilm) for several minutes did not cause sweating. Eating an orange or half a lemon caused only slight facial sweating, as did chocolate (case 1 only). Cheese caused severe sweating in both cases, and this occurred during chewing and before swallowing. A 90-mg dose oftyramine, which is approximately the amount in 3 oz (85 g) of Cheddar cheese (Blackwell and Marley, 1966) , was placed on the back of the tongue in both these patients without causing any sweating.
Three patients (cases 1, 2, and 4) were given atropine intravenously to a total dose of 1 8 mg over three to five minutes. Chewing cheddar cheese then caused no sweating whatever. The expected dry mouth and dry eyes were also observed. Propantheline (Pro-Banthine) was therefore given to five of the patients; three (cases 1, 2, and 6) obtained striking relief, and case 5 also improved when the anticholinergic drug was changed to poldine methylsulphate (Nacton). All the patients suffered side effects, especially dry mouth and constipation, and most preferred not to take propantheline but rather to avoid provocative foodstuffs. One patient (case 6), however, noted that the propantheline made a great difference to her social life and found it a great relief to be able to dine without feeling as if she had been in "a Turkish bath from the neck upwards."
INVESTIGATIONS OF AUTONOMIC FUNCTION
Sweat Test.-Four patients were studied (cases 1, 2, 4, and 5) by body heating in order to detect areas of defective sweating, and abnormalities were found in all. Thus there was no sweating of the feet in any of them, and none below the knees in two. The fingers also remained dry in cases 1, 2, and 4. Sweating of the trunk was profuse (normal) in all the patients.
Heart Rate and Valsalva Manoeuvre.-A resting tachycardia of 100-110 beats a minute was noted in three cases ( fig.  5 ), probably indicating a vagal defect of cardiac innervation. The Valsalva manoeuvre was performed with reference to heart rate only (Elisberg, 1963) , and an abnormal response was elicited in all six patients (fig. 5) . The expected increase in heart rate towards the end of the blowing phase of the test was seen in only three cases, and in the remainder there was no change in rate throughout. There was no reflex bradycardia after blowing in any of the patients.
Use of Atropine.-Intravenous atropine was given to three patients (cases 1, 2, and 4) to a total dose of 1-8 mg ( fig. 6 ).
The expected increase in heart rate did not occur in any of the patients, and in one (case 2) there was no detectable increase in rate. Indeed, the heart rate in the latter case remained unaltered at 100/'min throughout all the manoeuvres (resting, standing, Valsalva, and after atropine). Discussion Gustatory facial sweating as described in this group of diabetics is probably a manifestation of extensive autonomic neuropathy. The drenching facial sweats occurring at mealtimes inourpatients were distressing to some and a social embarrassment to all. The symptoms appear a few seconds after starting to chew food, and although intermittent in some cases may occur with every meal or snack. The area of sweating is very precisely demarcated, extending as low as the level of the third or fourth cervical dermatome, but it is always restricted to the territory of the superior cervical ganglion. It is very similar to the gustatory sweating pattern noted after cervical sympathectomy (Greenhalgh et al., 1971) .
The stimulus which provokes gustatory sweating is the chewing of tasty foodstuffs. Chewing an inert substance such as Parafilm (used here) or cotton wool does not lead to facial sweating (Uprus et al., 1934; List and Peet, 1938; Tankel, 1951) . The most sensitive area of the mouth is the tongue (Lee, 1954) . Cocainization of the mouth and tongue does not completely inhibit gustatory sweating, probably because it is difficult to anaesthetize the taste buds (List and Peet, 1938; Tankel, 1951) . There is no evidence of oesophageal or gastric reflexes (Lee, 1954) , and alcohol introduced direct into the stomach does not cause facial sweating (Tankel, 1951) .
A wide variety of foodstuffs have been incriminated by most sufferers of gustatory sweating and have included cheese, chocolate, alcohol, pickles, and many others, especially acid, bitter, or spicy substances (Monro, 1959) . Cheese and chocolate seem to be particularly troublesome in those with idiosyncratic symptoms (Brown-Sequard, 1849) . Cheese is the most constantly described stimulus in most reported cases and was the most potent cause of symptoms in the present series. In one patient (case 1) even the thought of cheese was sufficiently distressing to cause slight facial sweating, and in others this may occur at the sight of spicy foods (List and Peet, 1938) . Tyramine (which occurs in large amounts in some cheeses) did not cause facial sweating in the two diabetics tested here. It is suggested that these bizarre symptoms are a gustatory reflex response and not due to the absorption of any pharmacologically active substance. The observations are in contrast to the finding in migraine sufferers, in whom cheese and chocolate may provoke attacks (Blau, 1971) and in whom tyramine has been shown to be a responsible factor (Hannington, 1967) .
Intravenous administration of atropine inhibited gustatory sweating after cheese in all three diabetics tested in the present study and has also been effective in other instances (Lee, 1954; Tankel, 1951) . This establishes that cholinergic fibres which usually supply sweat glands are also responsible for this abnormal form of sweating. Orally administered anticholinergic drugs are apparently effective in cases occurring after cervical sympathectomy (Greenhalgh et al., 1971) and were used successfully here in four out of five cases. Unfortunately the effective dose also causes tiresome side effects, notably dry mouth and constipation, and several patients had to stop treatment. Other anticholinergic preparations are at present being tried, and it seems probable that poldine methylsulphate may be equally effective and cause fewer side effects.
Gustatory sweating may be the result of aberrant nerve regeneration after degeneration due to trauma or disease. Dale (1935) showed that a cholinergic fibre may functionally replace any other cholinergic fibre. For example, in the auriculotemporal syndrome damaged parasympathetic cholinergic salivary fibres may reunite with sympathetic cholinergic fibres supplying sweat glands (Gillilan, 1955) .
The mechanism causing gustatory sweating in the diabetics described here may have been a consequence of the autonomic degenerative changes. These included abnormalities of vagal innervation of the heart evidenced by a resting tachycardia and an abnormal Valsalva response. Abnormal nerve regeneration could occur between fibres of the vagus and sympathetic cholinergic sweat fibres at the level of the superior cervical ganglion. The distribution of the diabetic gustatory sweating in the territory of the superior cervical ganglion supports this hypothesis. There is also experimental evidence that sprouting fibres from the vagus nerve connect with the superior cervical ganglion after cervical sympathectomy in cats (Murray and Thompson, 1957) . In his long review of this complex subject, Monro (1959) considered this mechanism as a probable explanation for the occurrence of symptoms after cervical sympathectomy in man. If this explanation is correct gustatory sweating in diabetics provides the first evidence of abnormal nerve regeneration in patients with spontaneous autonomic neuropathy.
